Abstract: Background: Neurological symptoms influence health and well-being among older adults. However, Chinese older adults are underrepresented in most studies on neurological symptoms. This study aims to examine the prevalence of neurological symptoms among U.S. Chinese older adults. Methods: Data were drawn from the PINE study, a population-based survey of U.S Chinese older adults in the greater Chicago area. Guided by a community-based participatory research approach, a total of 3,159 Chinese older adults aged 60 and above were surveyed. Clinical review of system (ROS) was used to assess the presence of dizziness, syncope/fainting, fall, seizures, weakness, numbness, tingling, tremor, and stiffness. Results: Neurological symptoms were commonly experienced by U.S Chinese older adults (50.6%). Symptoms as dizziness (31.0%), numbness (19.0%), and falls (14.8%) were commonly reported. Participants were more likely to report any neurological symptom if they were older , less educated, low income, with poorer self-perceived health status, poorer quality of life, and worsened health change over last year. Conclusions: Neurological symptoms are common among Chinese older adults in the U.S. Future longitudinal research is needed to examine risk factors and health outcomes associated with neurological symptoms.
Introduction
The presence of symptoms is important indicator to assess individual's overall health status and quality of life [1] . Neurological symptoms are associated with physical discomfort, impairment of motor function, poor cognitive abilities, and socially dysfunction [2, 3] . However, many onset neurological symptoms are often intractable to recognize or manage: one third of the outpatients in neurology clinics have symptoms poorly explained by organic disease [4] ; Moreover, older adults assess the presence of clinical symptoms experienced by this population.
In this study, we aim to 1) evaluate the prevalence of neurological symptoms within the context of a large population-based cohort of U.S. Chinese older adults; 2) examine the correlations between the prevalence of neurological symptoms and socio-demographic characteristics; and 3) examine the correlations between the prevalence of neurological symptoms and self-reported health and quality of life measures.
Materials and Method

Population and settings
The Population Study of Chinese Elderly in Chicago (PINE) is a population-based epidemiological study of U.S. Chinese older adults aged 60 and over in the greater Chicago area. The purpose of the PINE study is to collect community-level data of U.S. Chinese older adults to examine the key cultural determinants of health and well-being. The project was initiated by a synergistic community-academic collaboration among Rush Institute for Healthy Aging, Northwestern University, and many community-based social services agencies and organizations throughout the greater Chicago area [34] .
In order to ensure study relevance to the well-being of the Chinese community and enhance community participation, the PINE study implemented culturally and linguistically appropriate community recruitment strategies strictly guided by a community-based participatory research (CBPR) approach [35] . Over twenty social services agencies, community centers, health advocacy agencies, faith-based organizations, senior apartments and social clubs served as study recruitment sites. Eligible participants were approached during routine social service and outreach efforts serving Chinese Americans families in the Chicago city and suburban areas. All participants were consented and interviewed by trained bicultural research assistants in English or Chinese dialects, including Mandarin, Cantonese, Toishaness, and Teochow, according to respondents' preference. Out of 3,542 eligible participants, 3,159 agreed to participate in the study, yielding a response rate of 91.9 %.
Based on the available census data drawn from U.S. Census 2010 and a random block census project conducted in the Chicago's Chinese community, the PINE study is representative of the Chinese aging population in the greater Chicago area with respect to key demographic attributes, including age, sex, income, education, number of children, and country of origin [36] . The study was approved by the Institutional Review Boards of the Rush University Medical Center.
Measurements
Socio-demographics
Basic demographic information was collected, including age (in years), sex, education level, annual income (in USD), marital status, number of children, living arrangement, and country of origin. Immigration data relating to participants' years in the U.S. and years residing in the current community were also collected. Education level was assessed by asking participants the years of highest educational level completed. We created a dichotomous variable using "China" and "other" to distinguish respondents who were born in mainland China from those who were born in other countries. Living arrangement was assessed by asking participants how many people live in their household besides themselves and was categorized into four groups: 1) living alone; 2) living with 1-2 persons; 3) living with 2-3 persons; and 4) living with 4 more persons. Self reported annual income was categorized into four groups: 1) $0-$4,999 per year; 2) $5,000-$9,000 per year; 3) $10,000-$14,999 per year; and 4) more than $15,000 per year.
2.2.2. Overall health status, quality of life, and health changes over the last year Overall health status was measured by "In general, how would you rate your health?" on a four point scale (1 = poor; 2 = fair; 3 = good; 4 = very good). Quality of life was assessed by asking "In general, how would you rate your quality of life?" on a four point scale (1 = poor, 2 = fair, 3 = good, 4 = very good). Health change in last year was measured by the question "Compared to one year ago, how would you rate your health now?" on a five point scale (1 = much worse; 2 = somewhat worse; 3 = about the same; 4 = somewhat better; 5 = much better than one year ago). Health changes were then categorized into three groups: 1) improved health; 2) same health; and 3) worsened health.
Data Analysis
Descriptive univariate statistics were used to summarize socio-demographic characteristics and the prevalence of neurological symptoms. In bivariate analyses, Chi-squared tests were used to compare socio-demographic characteristics between persons with and without neurological symptoms. The prevalence of each neurological symptom was calculated. Pearson Correlation coefficients were used to examine the correlations between socio-demographic and self-reported health variables and neurological symptoms. All statistical analyses were conducted using SAS, Version 9.2 (SAS Institute Inc., Cary, NC).
Neurological Symptoms.
We used the Review of Systems (ROS) to assess the neurological symptoms among our participants [37] . ROS is a list of questions organized by organ systems used by health-care providers for eliciting a medical history from a patient. Neurological system was assessed by asking whether participants have had following symptoms in the past: 1) dizziness, 2) syncope/fainting, 3) falls, 4) seizures, 5) weakness, 6) numbness, 7) tingling, 8) tremor, and 9) stiffness.
The organization of Review of System is recognized by the Centers for Medicare and Medicaid Services. Content validity was assessed by a group of bilingual and bicultural study researchers with expertise in Chinese cultural issues, health, and aging. The original English versions of the instruments were first translated into Chinese by a bilingual research team. Due to the vast linguistic diversity of our study population, the Chinese version was then back translated by bilingual and bicultural investigators fluent in dialects including Mandarin and Cantonese to confirm consistency in the meaning of the Chinese version with the original English version. Both written scripts (traditional and simplified Chinese characters) were subsequently examined. The community advisory board (CAB) led by an experienced bilingual and bicultural geriatrician then went over the wording of the Chinese versions to ensure validity.
Results
Sample Characteristics
Of the 3,159 participants enrolled in the PINE study, 58.9% were women, 71.3% were married, and 85.1 % had an annual income below $10,000. The mean age of participants was 72.8 (SD = 8.3) and the mean years of education completed was 8.7 (SD = 5.1).
Approximately half of the participants (N = 1597) reported having at least one neurology symptom. Significant differences were presented between participants with and without neurological symptoms in regards to age (p < 0.001), gender (p < 0.001), education(p<0.001), income (p < 0.001), marital status (p < 0.001), living arrangement (p < 0.01), years in U.S and community (p < 0.05), overall health status (p < 0.001), quality of life (p < 0.001), and health changes over last year (p < 0.001) ( Table 1) . 
. Presence of Neurological Symptoms
The prevalence of nine neurology symptoms was presented in Table 2 . Dizziness was the most commonly reported neurological symptom (31.0%), followed by numbness (19.0%), and falls (14.8%). With regards to other symptoms, stiffness (9.8%), weakness (6.9%), syncope/ fainting (5.9%), tremor (5.9%), tingling (5.3%), and seizures (0.5%) were less commonly experienced among study participants. With regards to education level, the highest prevalence of any neurological symptom (65.6%) was reported by participants with 0 years of education. In contrast, older adults with 17 or more years of education completed presented the lowest prevalence of neurological symptoms (44.8%). Moreover, higher prevalence of neurological symptoms was reported by participants with lower income. The prevalence of neurological symptom was 51.9% and 54.0% among the two groups with annual income lower than $10,000, and 41.0% among participants with annual income $10,000 -$14,999, 38.2% among participants with annual income $15,000-$19,999, and 21.8% among participants with annual income $20,000 or over.
Prevalence of Neurological Symptoms by Health Status
Overall, neurological symptoms were less likely to be reported by participants who perceived their health status as very good (21.4%) or good (34.8%), comparing to older adults perceiving their health status as fair (54.6%) or poor (77.1%) ( Table 4) . Similar trend was presented with regards to quality of life: participants who perceived their quality of life as very good (41.7%) or good (46.3%) were less likely to reported neurological symptoms compared with participants with fair (54.8%) or poor quality of life (67.3%). In addition, a larger proportion of older adults with worsened health status over the past year (65.6%) reported neurology symptom than those with no health change (37.7%) and improved health (8.5%) Older age (r = 0.12, p < 0.001), female gender (r = 0.15, p < 0.001), lower education (r = −0.07, p < 0.001), lower income (r = −0.11, p < 0.001), being unmarried (r = − 0.11, p < 0.001), having more children (r = 0.04, p<0.05), and residing fewer years in community (r = −0.05, p < 0.01), were associated with more neurological symptoms (Table 5 ). In addition, poorer overall health status (r = −0.32, p < 0.001), poorer quality of life (r = −0.11, p < 0.001), and worsened health status changes over the past year (r = −0.24, p < 0.001) were correlated with higher prevalence of neurological symptoms.
Table 4. Prevalence of Neurological Symptoms by Health Status
Overall
Discussion
As the first population-based study of neurological symptoms among U.S. Chinese older adults, we found that neurological symptoms were common among U.S. Chinese older adults. Dizziness was the most commonly presented neurological symptoms, followed by numbness and falls. Participants were more likely to report neurological symptoms if they were older, female, with lower education and income level, unmarried, having more children, residing fewer years in the community, with poorer health status, quality of life, and worsened health change over the last year.
Our study indicates that neurological symptoms were more prevalent among participants with an older age. The aging of the nervous system and muscles can result in inevitable structural and functional deterioration that associated with the decline of the cognitive and motor function [38, 39] . An older age also indicates worsened health and a reduced capability to recover from not only neurological disorders but also a wide range of preconditions that lead to neurological symptoms, for instance stroke [40] . Moreover, despite the biological changes associated with aging, age accompanied psychological and behavioral change should also be taking into account in explaining the higher prevalence of neurological symptoms among the oldest-old. Aging accompanied stress, for instance, is shown to have deleterious neurological effects on the health of older adults [41] .
We estimated the prevalence of neurological symptoms systematically while prior studies often examine limited symptoms, such as weakness, dizziness, fall, seizure, and fainting [3, 5, [15] [16] [17] [18] . However, the variations in study design and sample require caution in making comparisons and drawing valid conclusions. For instance, in our study, the prevalence of falls was 14.8% while the prevalence ranged from 137 to 690 falls per 1000 persons per year in previous studies [42] [43] [44] . The prevalence of numbness and tingling in our study participants was 19.0% and 5.3%. In contrast, a prior research suggested that the prevalence of numbness and tingling or pain was 28.2 % and 26.8% among individuals with diabetes, respectively, compared with15.7% and 22.8% among individuals without diabetes [45] . In sum, our study provided an overall estimate of the prevalence neurological symptoms among community-dwelling Chinese older adults.
Dizziness is the most common neurological symptom in our study reported by 31.0% of Chinese older participants. A prior population-based study among older adults identified the prevalence of dizziness ranged from 27% to 34% r [46] . Previous studies also recognized the multifactorial nature of dizziness and falls as geriatric syndromes resulted from the impairment of one or multiple systems ranged from mild to severe [47, 47] . Given that the dizziness and falls are commonly experiences among U.S older adults, our study points to the need of applying multifactorial strategies to incorporate all the potential contributing factors into consideration in healthcare practice, including sensory balance, blood pressures, intake medications, gait impairment, depression and anxiety, etc [47] . This holistic approach to assess geriatric syndrome was proved to be effective in reducing falls, the third most prevalent symptom identified in our study among U.S Chinese older adults [48] .
Our study observed that compared with men, U.S older females were more likely to report neurological symptoms. Our finding was supported by previous research indicating that older females are 1.3 to 2.2 times more likely to fall and 2.03 times more likely to experience dizziness [5, 46] . Moreover, females with neurological disorders may be prone to certain neurological symptoms [49] [50] [51] . For instance, although men are believed to have a higher prevalence of Parkinson's disease, a recent study suggested women with Parkinson's disease are more likely to report tremor [52] . As an increasing number of the studies documented the gender differences on the aging effect on human brain and other neurological system mechanism [53] , our study provides important insight onto the gender disparity on the explicit presence of neurological symptoms among U.S Chinese older adults.
Our research suggests that U.S. Chinese older adults with lower education and income level are more likely to experience neurological symptoms. Although it is not well-documented on the variation of neurological symptoms by education or income, it is suggested that the education and income may influence many behavioral risk factors which can contribute to the normal function of the neurological system in the aging process. Better-educated older adults are more likely to engage in cognitively stimulating activities, have better economic circumstances, eat healthier, spend more time to participate in physical activities, less stressed, and less likely to expose to environmental hazards [54] [55] [56] . Consequently, it is noted that lowered educated are of higher risk to diseases such as dementia, stroke and heart diseases, mental health disorders [57] [58] [59] [60] , all of which could increase their vulnerability to a number of neurological symptoms.
Our intriguing finding also indicates that older adults are more likely to report neurological symptoms if they live in the community for fewer years. The experiences of immigrating to the U.S may have life-changing influences on the health and well-being of older adults. Chinese older adults residing in U.S may encounter many language and cultural barriers of adjusting their lives in the U.S. Living in the community for a shorter period of time may indicate inefficient social support in the resettled environment, higher risk of exposure to daily life stressors, less experiences in acculturating to westernized lifestyle, and lack of access to community and healthcare resources. All of those factors can contribute to the higher prevalence of neurological symptoms. However, years of living in the community may interact with other factors, such as age, income level, and educational level. Future analysis is needed utilizing mixed methodology to identify risk factors of the prevalence of neurological symptoms.
Our study reveals that U.S Chinese older adults perceive themselves with poorer health status, poorer quality of life, and worsened health change over last year if they have neurological symptoms. Prior study estimated that dizziness, the most prevalent symptom in our study, was associated with greater disability measures [61] , and have detrimental influence on all quality of life dimensions among older adults [11] . Falls and other sensory symptoms are among the most important indicators for quality of life among persons with Parkinson's disease [13] . Our findings may indicate a series of psychophysical changes along with the presence of symptoms: experiencing neurological symptoms may negatively influence the psychological well-being of the older adults; the psychological burden can reversely add on the likelihood of neurological symptoms. For instance, prior study indicates falls, even the fear of falling can greatly contribute to the lowered quality of life [12, 62] . In any case,
Conclusion
In sum, this study indicates that neurological symptoms are common among Chinese older adults in the U.S, and dizziness is the most common symptom. Our findings call for further investigations on several subgroups of Chinese older adults who reported higher prevalence of symptoms, including the oldest-old, lower educated, and low income. Future longitudinal studies are needed to improve our understanding of the outcomes and functional mechanism underlying the neurological symptoms among Chinese aging populations.
